Background: Debates exist over whether health inequities are bound to rise as population health improves, due to health improving more quickly among the better off, with most analyses focused on mortality data. Methods: We analysed 50 years of socioeconomic inequities in measured health status among US-born Black and White Americans, using data from the National Health Examination Surveys (NHES) I-III (1959-70), National Health and Nutrition Examination Surveys (NHANES) I-III (1971-94) and NHANES 1999. Results: Absolute US socioeconomic health inequities for income percentile and education variously decreased (serum cholesterol; childhood height), stagnated [systolic blood pressure (SBP)], widened [body mass index (BMI), waist circumference (WC)] and in some cases reversed (age at menarche), even as on-average values rose (BMI, WC), idled (childhood height) and fell (SBP, serum cholesterol, age at menarche), with patterns often varying by race/ethnicity and socioeconomic measure; similar results occurred for relative inequities. For example, for WC, the adverse 20th (low) vs 80th (high) income percentile gap increased only among Whites (NHES I: 0.71 cm [95% confidence interval (CI) À0.74, 2.16); NHANES 2005-08: 2.10 (95% CI 0.96, 3.62)]. By contrast, age at menarche for girls in the 20th vs 80th income percentile among Black girls remained consistently lower, by 0.34 years (95% CI 0.12, 0.55) whereas among White girls the initial null difference became inverse [NHANES 2005-08: À0.49 years (95% CI À0.86, À0.12; overall P ¼ 0.0015)]. Adjusting for socioeconomic position only modestly altered Black/White health inequities. Conclusions: Health inequities need not rise as population health improves.
Introduction
One question gaining urgency, given growing joint global objectives to improve population health and reduce social inequalities in health, [1] [2] [3] [4] is what relationship exists, if any, between trends in overall average rates of health and in health inequities. Hypotheses range from improvements in on-average population health tending to be accompanied by widening relative inequities, due to health and health care getting better faster among the better off, 5, 6 to relationships being historically contingent, depending on government policies and the outcome(s) considered. 7, 8 To date, most analyses have focused on mortality, given limited long-term population data for morbidity and measured health characteristics. We accordingly present novel data on a half-century of US social inequalities in measures of body build, cardiovascular disease risk and child development, i.e. health-related somatic and physiological characteristics (hereafter referred to as 'health status' for short) and do so by drawing on data from the National Health Examination Surveys (NHES) 9 and the successor, the National Health and Nutrition Examination Survey (NHANES). 10 We evaluate the null hypothesis of no change against two prominent alternatives: first, that inequities grow as average health improves, and second, that inequities change in ways that vary by health measure and historical period.
Methods

Study participants
The NHES 9 and NHANES 10 are nationally representative cross-sectional samples of the US non-institutionalized civilian population and comprise the only extant long-term US individual-level data on measured health status and socioeconomic position; extensive documentation on their survey design, data collection and sampling weights are available at the NHES and NHANES website. We limited analyses to the US-born non-Hispanic Black and White participants (hereafter referred to as 'Black' and 'White' with these racial/ethnic categories conceptualized as social constructs that can affect health status and health care 8, 11 ) because: (i) they are the sole racial/ethnic groups identifiable across all examinations 9,10 and (ii) restriction to US-born non-Hispanics avoids confounding by immigration status. 12, 13 Our analyses focused on two age groups (years): children (age 6-17) and adults (age . The number of participants per racial/ethnic-age group (Table 1) spanned from a low of 681 (Black adults in NHES I) to a high of 9459 (White adults in NHANES II).
Study variables
Health outcomes
Each examination obtained anthropometric and cardiovascular data using validated measurement protocols designed to ensure comparability of results over time. 9, 10 For adult body build, we analysed two outcomes linked to increased risk of chronic disease and key targets of US and global health policies: 3, 14 body mass index (BMI; kg/m (ii) for the US White population, data on Hispanic origin were available to categorize persons who were 'White non-Hispanic' starting with NHANES III; for NHES I, no data were available on Educational level is not coded consistently across surveys.
9,10
For NHES I, the 'education level' of the individual interviewed is recorded, but does not specify if it is the highest level attended vs completed; for NHANES I and II, the initial question asks about highest level attended, with a follow-up query about whether this level was completed, but the response has high values of missing data (13% for NHANES I, 21% for NHANES II) and of those with observed data, the majority attending a grade completed it; for all subsequent surveys, the sole question pertains to highest level completed. For all surveys but NHES I, it is possible to distinguish between persons who did not complete high school (<HS), who completed high school but did not obtain 4 or more years of college education (or higher) (>¼HS, < 4 yrs college) and those who obtained at least 4 years of college education (4þ yrs college). In NHES I, the categories instead distinguish between who obtained a high school degree or lower, who obtained some to 4 yrs of college, and who obtained more than a 4 yr college education, and we treat these categories as analogous to the ones used in the other studies, since the bias introduced is conservative (because some people with higher education are placed in the lower education category). The two child development outcomes were pre-pubertal height (cm; age 6-8) and age at onset of menarche (asked only of girls age 9 and older who reported onset of menstruation).
9,10 Relevant to both child and adult health status, short height and older age at menarche reflect early life adverse exposures (e.g. poor nutrition and infectious disease) that hamper growth and development, 18, 19 and are associated, respectively, with increased risk of haemorrhagic stroke and decreased risk of breast cancer.
18,19
Socioeconomic data For adults, we used data on both family income and education, the only two consistently available socioeconomic measures, since their associations with diverse health outcomes may be independent and can vary by time period, reflecting both different causal pathways (e.g. income as linked to economic deprivation; education as linked to health illiteracy) 20, 21 and changing economic trends (e.g.
between 1960 and 2008, employment and earnings for adults with less than a high school degree sharply declined whereas the college wage premium increased considerably). 22, 23 For children, we used only data on family income, given inconsistencies in how family and/or household educational levels were assessed across examinations.
To demarcate family income quintiles, we used data from the Current Population Survey, 24 whose dollars were set to 2010 values adjusted to the US Census Bureau Average Consumer Price Index Series Using Current Methods (CPI-UR-S). We then assigned each survey participant to the US yearly family income quintile (Q1: lowest; Q5: highest) that encompassed the mid-point of her/his pre-categorized family income brackets for the survey's mid-point year, as defined in the technical documentation 9,10 (see Table 1 ). Following standard practice, we compared persons in Q1 vs Q5 (< 20th vs >¼80th percentile). 21, 25 A key advantage of this approach, in contrast to the US poverty line-which was initially set in the mid1960s in relation to food (but not housing) costs and thereafter adjusted only for changes in the consumer price index 20, 26 -is that the 20:80 contrast is based solely on each year's income levels and, because it is scale free, can validly be compared both over time and crossnationally. 20, 21, 25 Sensitivity analyses using the European Union (EU) measure of 'at risk of poverty', equal to <60% of median income, 21, 27 yielded similar results (Tables   S1-S3 ; Figure S1 , available as Supplementary data at IJE online).
Data analysis
For each racial/ethnic group, we first determined each variable's distribution based on observed values, weighted by the relevant sample weights. We also assessed the extent of missingness, which ranged from 0% for age, gender and race/ethnicity to <1% for education [except in NHES I (<8%) and NHANES II (<2%)] to under 5% for all health outcomes except age at menarche (range: 0.6% to 9.8%) and from 2.9% to 10.4% for income (Table 1;  Tables S2-S3 , available as Supplementary data at IJE online).
We used linear regression analysis to estimate the absolute and relative health inequities for each examination. We first imputed income and education data using the Amelia II program. 28 We then used SAS PROC SURVEYREG, taking into account survey weights and design. 29 To combine multiple imputation results (five data sets) we used SAS PROC MIANALYSE. 29 For absolute differences, we used Stata Statistical Software to conduct meta-analyses, using weighted random effects, 30 for: (i) socioeconomic inequities within each racial/ethnic group, adjusted for age and gender, and (ii) Black/White inequities, adjusted for age and gender and additionally adjusted, separately, for each socioeconomic measure. We tested for both linear trend and for heterogeneity of risk estimates (overall P-value: 2 sided), 30 with the latter not assuming monotonic trends over time.
Results Table 1 provides data on the number of the Black and White NHES and NHANES participants and their changing distributions of education and income. Throughout all surveys, Black compared with White Americans were at approximately twice the risk of poverty and, starting with NHANES I, despite increasing gains in college education, remained twice as likely to have at most a high school degree. Figures 1 through 3 respectively portray results for the body build, cardiovascular and child development outcomes. For these outcomes, each figure depicts, for each socioeconomic measure: (i) the crude mean and standard deviation (SD) for each outcome, by socioeconomic group, for each survey (point estimates: in Tables S2-S3, available as Supplementary data at IJE online); and (ii) forest plots of the magnitude of the corresponding socioeconomic inequities for absolute difference, adjusted for age and gender, along with the summary estimate, and exact P-values for tests of heterogeneity and linear trend. Table 2 shows corresponding results for percent change.
First, for body build (Figure 1 ), both BMI and waist circumference increased in all socioeconomic strata among both Black and White Americans. Comparing persons in the 20th (low) vs 80th (high) income percentiles, however, adverse socioeconomic inequalities (i.e. worse outcomes among those worst off) occurred only among Whites Bold entries denote parameter estimates whose 95% CI excludes 0. (Table 2) . For Black Americans, the overall difference remained null throughout for the income measure, Figure 4 . Black vs White differences for body build, cardiovascular, and child development outcomes for US-born Black and White non-Hispanic participants (adults 25-74; children --17), National Health and Examination Survey I (1959-62) through National Health and Nutrition Examination Survey 2005-08: overall (adjusted for age and gender) and additionally adjusted for either income percentile or education. Analyses for children in relation to income percentile only, and analyses for menarche not adjusted by gender since include only girls.
(continued)
but for education, the overall gap equalled 2.17 cm (95% CI 1.23, 3.11), an estimate that did not vary across surveys (overall P ¼ 0.703), with similar results for percent change (Table 2) . No evidence of a linear trend occurred for either group. For the cardiovascular outcomes (Figure 2) , although values for SBP fell sharply within all socioeconomic strata among Black Americans and for serum cholesterol among both Black and White Americans, especially between NHES I and NHANES II, SBP nevertheless adversely remained consistently about 3 mm Hg higher among person with less vs more income and education among both Black and White Americans, with no evidence of linear trend, and similar patterns held for percent change (Table 2) . By contrast, no socioeconomic gradients existed for serum cholesterol among Black Americans; among White Americans, however, adverse socioeconomic inequalities decreased for income but increased for education, with the income trend showing evidence of being linear (P ¼ 0.007), as also evident for percent change (Table 2) .
For child development (Figure 3 ), child height among both Blacks and Whites consistently rose in all socioeconomic groups even as the absolute socioeconomic gaps decreased, especially during the earlier years, as occurred also for percent change (Table 2) .88) (overall P ¼ 0.000), and for Whites, from À2.98 cm (95% CI À4.03, À1.93) to À1.11 (95% CI À2.86, 0.64) (overall P ¼ 0.149); only among Black children was there evidence of a linear trend (P ¼ 0.018). For age at menarche as reported by girls age 9-17, no consistent temporal patterns in absolute or percent difference occurred within income strata for either Black or White girls. Even so, among Black girls, the 20:80 contrast for age at onset was consistently positive (i.e. lower income, higher age), by 0.34 years (95% CI 0.12, 0.55), whereas among the White girls, the null income difference in the early surveys became negative and by NHANES 2005-08 equalled À0.49 years (95% CI À0.86, À0.12; overall P ¼ 0.0015; linear trend: P ¼ 0.008) (i.e. lower income, lower age).
Finally, Figure 4 shows the forest plots for the Black/ White comparisons, adjusted for age and gender. Additionally adjusting for socioeconomic position (regardless of measure used): only modestly attenuated the Black excess risk for BMI (increasing; overall P ¼ 0.048), waist circumference (no change; overall P ¼ 0.844) and SBP (decreasing; overall P ¼ 0.010); rendered null the variably lower Black risk for serum cholesterol (overall P ¼ 0.001); slightly increased the stable Black taller childhood height (overall P ¼ 0.634); and left unaffected the 
Discussion
Two key findings emerge from our novel analysis of 50-year trends in US socioeconomic inequalities in measured health status among US-born Black and White non-Hispanic persons, with findings similar for absolute and relative inequities:
i. The magnitude of adverse socioeconomic inequalities (adjusted for age and gender) variously decreased (serum cholesterol, childhood height), stagnated (SBP), widened (BMI, WC) and in some cases reversed (age at menarche), even as on-average values rose (BMI, WC), idled (childhood height) or fell (SBP, serum cholesterol, age at menarche), with these patterns often varying by race/ethnicity and socioeconomic measure.
ii. Adjusting for socioeconomic position only modestly altered Black/White health inequities, in ways that varied by outcome.
Thus, as hypothesized, US trends in population health and the magnitude of health inequities, for both Any interpretation of study findings first requires addressing study limitations and strengths. In particular, this study relied on six cross-sectional national surveys, which limits: (i) temporal comparisons, a problem offset by these periods being reasonably spaced during an interval spanning from 1959 to 2008; (ii) racial/ethnic comparisons, given data availability for the full time period for only Black and White Americans; and (iii) causal inference, albeit without affecting validity of estimates of observed health inequities. Strengths include: (i) use of nationally representative data for the US civilian non-institutionalized population; (ii) use of both income and education data, with the contrasts for income percentiles directly comparable over time and cross-nationally; 20, 21 and (iii) use of rigorous protocols 9,10,16,17 for measuring the body build and cardiovascular outcomes thereby avoiding well-known socially-patterned biases in self-reported health [e.g. greater under-reporting of weight and overreporting of height among person with vs without a college education; 31 self-reported age at menarche, however, exhibits reliable recall, especially among adolescents (r > 0.8)
32
]. Moreover, our novel approach of using forest plots to compare estimates of absolute social inequalities in health across the surveys notably kept intact the surveys' sample design and weighting methodology (as did the tests for trend for relative difference), an improvement over the handful of studies that have analysed NHES with both older and more recent NHANES data, but which disregarded these critical design elements. 13, 33, 34 To our knowledge, meta-analysis has not been conducted before across the full range of NHES and NHANES surveys Figure 4 . Continued encompassed in our study, nor has it been used to test for heterogeneity in estimates of health inequities over time. Suggesting our approach is reasonable, however, other recent investigations have used meta-analysis to compare estimates of socioeconomic inequities in health across studies 35, 36 and to test heterogeneity of effect estimates over time. 37 Together, the results attest to the importance of determinants of health inequities both within and outside the healthcare system [1] [2] [3] [4] 38 and to the value of analysing multiple outcomes. 4, 7, 8 The observed trends in levels and socioeconomic inequities in SBP and serum cholesterol among both Black and White Americans, for example, plausibly reflect changing availability of and access to effective treatments, involving introduction of effective antihypertensive medication in the 1950s 17 and of statins in the 1980s, 39 as aided by establishment of Medicare and Medicaid and desegregation of US medical facilities in the mid-1960s, 40 but hindered by cut-backs in Medicaid and rising lack of health insurance in the more recent periods. 4, 6 One implication is that the health equity impact of new technologies may depend on context, counter to hypotheses suggesting technological innovations tend to increase health inequities. 5 The concurrent rapid changes in body build, among both adults and children, at a pace considered high by evolutionary biologists for somatic traits, 12 in turn not only likely reflect dramatic shifts in food production, marketing and consumption, 41 but also societal changes in work and transportation (e.g. increasingly sedentary jobs across all occupations and greater use of cars 42 ). Life-course implications include the observed decline, but not elimination, in the socioeconomic gap in childhood height (lower income, shorter height), especially among the Black children, and the elimination of a socioeconomic gap in age at menarche (lower income, higher age), including its reversal among the White girls only. 12, 13, 34, 43, 44 Moreover, although we observed that height at ages 6-8 was on average taller among the Black compared with White children, even after adjusting for income, other research on attained adult height indicates that among US adults, Black men and women are on average shorter than their White counterparts, 13 underscoring that social conditions after age 8 are germane to adult height. Lastly, the modest effect of adjusting for either income or education on the observed and heterogeneous Black/White absolute differences in measured health status likely reflects both the paucity of socioeconomic measures in NHES and NHANES and the absence of data on racial discrimination.
9,10 Had there been data available on wealth, for which Black/White inequities are much larger, 20, [45] [46] [47] [48] [49] we might have seen a greater effect of adjusting for socioeconomic position on observed Black/White disparities, as has been reported in other research. 46 Nor could we control for the adverse health impact, within and across socioeconomic strata, of institutional and individual-level racial discrimination. [47] [48] [49] [50] In conclusion, our long-term data on trends in socioeconomic inequities in measured health status challenge assumptions that increasing health inequities necessarily accompany improvements in population health. 5, 6 They additionally affirm the need to reckon with the joint realities of socioeconomic and racial/ethnic inequality: an individual is not one day Black or White, and another day a college graduate or lacking a high school diploma; both matter. 11, 20, [45] [46] [47] [48] [49] Relevant to not only the US but other countries, 51 the broader implication is that adequate analysis of population health and health inequities requires attention to long-term trends, situated in their societal context, so as not to be misled into thinking current patterns are inevitable.
